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Ventricular Dysplasia
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Tel Aviv and Rehovot, Israel
A 38 year old man with arrhythmogenic right ventricular
dysplasja underwent electrophysiologic study with ex-
tensive endocardial mapping of the right ventricle. Dur-
ing sinus rhythm, markedly reduced amplitude with or
without prolonged duration was noted in multiple elec-
trograms of the right ventricle, Delayed activation of the
right ventricular outflow tract electrogram was present.
Two clinical types of ventricular tachycardia with a left
Arrhythmogenic right ventricular dysplasia is an uncommon
entity but it is becoming recognized with increasing fre-
quency. This entity combines a predominantly right-sided
cardiomyopathy with ventricular tachycardia having a left
bundle branch block configuration (I). To date, about 50
cases of right ventricular dysplasia have been reported in
French and English language publications (1-11). However,
detailed electrophysiologic evaluation of patients with ar-
rhythmogenic right ventricular dysplasia has been reported
in only a few instances (2,7,IQ,II).
This report describes extensive endocardial mapping of
the right ventricle during both sinus rhythm and ventricular
tachycardia in a patient with arrhythmogenic right ventric-
ular dysplasia.
Case Report
Clinical features. The patient, a 38 year old man, was
referred to our hospital in March 1982 for electrophysiologic
evaluation of recurrent sustained ventricular tachycardia that
began 10 years earlier. During the 10 year period, he was
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bundle branch block configuration and either an inferior
or a superior axis were induced by ventricular stimu-
lation. Endocardial activation sequence during the tachy-
cardias suggested that the tachycardia with an inferior
axis originated near the infundibulum, while that with
a superior axis originated near the midinferior area of
the right ventricle. Both areas have been previously shown
to be frequently impaired in right ventricular dysplasia.
hospitalized 15 times and electric cardioversion was re-
quired in each instance to terminate the tachycardia. He was
treated with the following antiarrhythmic agents used alone
or in combination: quinidine, procainamide, disopyramide,
ajmaline bitartrate and amiodarone. At the time of the re-
ferral, he had been taking amiodarone (400 mg/day) and
disopyramide (600 mg/day) and had had two attacks of
ventricular tachycardia in the preceding month. During the
multiple recorded episodes of tachycardia, a QRS config-
uration of left bundle branch block with an inferior QRS
axis was present (Fig. 1) in all instances except one in which
a superior axis was noted. The tachycardia rate ranged from
150 to 220 beats/min in relation to the antiarrhythmic agents
administered.
On admission, physical examination revealed an asthenic
man with a regular heart rate of 65 beats/min and a blood
pressure of 110170 mm Hg. Slight jugular venous distension
was present. Cardiac examination showed a moderate right
ventricular impulse. The heart sounds had a decreased in-
tensity. A fourth sound gallop was noted at the lower left
sternal border. No murmur was heard.
Laboratory studies. Serum electrolytes, arterial blood
gases and routine hematologic studies were normal. The
electrocardiogram showed sinus rhythm with widened P
waves (0.12 second) (Fig. 1). The PR, QRS, QT and QTc
intervals had a duration of 0.22, 0.11,0.46 and 0.50 second,
respectively. An incomplete right bundle branch block pat-
tern with left axis deviation was present. Ventricular post-
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excitation waves (12) were noted in precordial leads V I to
V4 and had a maximal amplitude in lead V2 (Fig . I , left
panel). Their presence was confirmed by high amplification
of the electrocardiogram using a signal-averaging technique
(13) . Negative T waves were observed in leads VI to V3.
The chest X-ray film showed marked cardiomegaly (car-
diothoracic ratio 0.60) without signs of pulmonary conges-
tion or pericardial calcification .
M-mode and two-dimensional echocardiograms revealed
diffuse enlargement and hypokinesia of the right ventricle
associated with paradoxical septal motion and mild peri-
cardial effusion . The other cardiac structures were normal.
A radionuclide angiogram showed a large right ventricle.
Ejection fraction was 0 .18 and 0.42 in the right and left
ventricle , respectively .
At cardiac catheterization, both right and left chamber
pressures were normal. Cardiac index was 2.4 liters /min
per m2. On the right ventricular angiogram, the right ven-
tricle was diffusely enlarged, particularly the infundibulum,
and hypokinetic with mild tricuspid insufficiency. Left ven-
tricular contraction was normal except in the apical zone
where a small aneurysm or diverticulum was observed. The
coronary arteries were normal.
Electrophysioleglc study. Initial electrophysiologic study
was performed immediately after the hemodynamic study
and 3 days after disopyramide had been discontinued. Three
quadripolar electrode catheters (USCI 6F) were placed in
the right atrium (then in the right ventricle) , the left ventricle
and the His bundle area , respectively . During endocardial
mapping of the right ventricle , the position of the catheter
was verified using multiple fluoroscopic views .
DUling sinus rhythm at a cycle length of 740 ms (Fig.
2), the AH and HV intervals were 100 and 70 ms, respec-
tively . During incremental atrial pacing, atrioventricular (AV)
nodal block occurred at a cycle length of 440 ms . The
effective refractory period of the AV node was 460 ms at
a cycle length of 600 ms . Endocardial mapping of the right
ventricle during sinus rhythm showed markedly reduced
amplitudes of the e1ectrograms recorded in the outflow tract,
the midanterior area and, most strikingly, in the apical part
of the right ventricle as compared with the electrograms
recorded from the left ventricular apex and other right ven-
tricular sites (Fig. 2) . In addition, prolonged duration of the
electrograms of the apical and midinferior areas of the right
ventricle was noted. Delayed activation of the electrogram
of the right ventricular outflow tract occurred 160 ms after
the onset of the QRS complex and was synchronous with
the postexcitation wave recorded in the precordial electro-
cardiographic leads. Effective refractory periods of the right
ventricular apex and the outflow tract were 330 and 290 ms ,
respectively , at a basic cycle length of 700 ms .
Sustained ventricular tachycardia (cycle length 375 ms)
was initiated by rapid right ventricular apical pacing (Fig.
3) . The QRS configuration of the induced tachycardia was
similar to that usually recorded during spontaneous episodes
of tachycardia. Right ventricular endocardial mapping dur-
ing the tachycardia showed that the earliest ventricular ac-
tivation occurred in the right ventricular outflow tract, syn-
chronously with the onset of the QRS complex of the
tachycardia. Bursts of right ventricu lar apical pacing at a
cycle length less than that of the tachycardia failed to capture
the ventricles. Bursts of rapid pacing delivered from a more
posteriorly located site accelerated the tachycardia (cycle
length 300 ms) .
Bursts ofrapid left ventricular apical pacing transformed
this tachycardia into another one with a left bundle branch
block configuration and left axis deviation (cycle length 260
ms) (Fig . 4) . The latter tachycardia had a configuration
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Figure 3. Endocardial mapping during ventricular tachycardia with
a left bundle branch block configuration and inferior axis. The
figure is arranged as in Figure 2. Earliest ventricular activation
occurs in the right ventricular outflow tract (RVOT) synchronously
with the onset of the QRS complex of the tachycardia. As compared
with Figure 2, the gain of the electrograms of the right ventricular
apex (RVA) and that of the midinferior part of the right ventricle
(RVI) is five and two times smaller, respectively. Other abbre-
viations as in Figure 2.
hemodynamic deterioration developed and cardioversion was
required to terminate the tachycardia.
During serial pharmacologic testing, prevention of in-
duction of sustained ventricular tachycardia could only be
achieved after the addition of 120 mg of ajmaline bitartrate,
which was administered orally with the ongoing amiodarone
therapy. However, ajmaline induced visual disturbances and
had to be discontinued. The patient was treated with higher
Figure 2. Endocardial mapping in sinus rhythm. Electrocardio-
graphic leads I, II, III and VI are shown as well as intracardiac
electrograms from the left ventricular apex (LVA), right ventricular
outflow tract (RVOT), midanterior part of the right ventricle (RVAN),
right ventricular apex (RVA), midinferior part of the right ventricle
(RVI), posteroinferior part of the right ventricle (RVPI), antero-
lateral part of the right ventricle (RVAL), atrioventricular junction
(AVJ) and low right atrium (LRA). Because of the wide variation
in the actual amplitude of the electrograms recorded from various
cardiac regions, we have amplified each lead individually for con-
venience of recording and display as noted by the designation x I
to x 20 at the end of each electrogram. Reduced amplitude of
the electrograms of the right ventricular outflow tract, midanterior
part of the right ventricle and right ventricular apex is present,
associated with prolonged duration of the electrograms of the right
ventricular apex and midinferior part of the right ventricle. There
is a delayed activation of the right ventricular outflow tract elec-
trogram, which is synchronous with the postexcitation wave noted
in lead VI (arrows). A = atrial potential; H = His bundle po-
tential; V = ventricular potential.
similar to that spontaneously recorded at one instance. Dur-
ing this tachycardia, the earliest ventricular activation oc-
curred in the midinferior part of the right ventricle, syn-
chronously with the onset of the QRS complex. Rapid
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Figure 4. Induction and endocardial
mapping of theventricular tachycardia with
a left bundle branch block configuration
and superior axis. A short burst of rapid
left ventricular pacing (arrows) trans-
forms the ventricular tachycardia with an
inferioraxis (left) to another faster tachy-
cardia with a superior axis (right) . Note
that the earliest ventricular activation of
the latter tachycardia occurs in the mid-
inferior area of the right ventricle (RVI)
synchronously with the onset of the QRS
complexof the tachycardia. RVS = elec-
trogram of high right ventricular septum;
other abbreviations as in Figure 2.
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doses of amiodarone (800 mg/day) and propranolol (40
rug/day). No tachycardia occurred on this regimen. Ten
months later , he developed pulmonary fibrosis associated
with aggravation of his general condition. After the dis-
continuation of amiodarone and administration of cortico-
steroid s, the patient slowly recovered. However, another
episode of ventricular tachycardia occurred a few weeks
later . Therapy with ajmaline bitartrate (75 mg/day) and di-
sopyramide (200 mg/day) was started in August 1983, and
the patient has since remained free of arrhythmia.
Discussion
Our patient exhibited all the clinical, radiographic,
electrocardiographic and angiographic features of arrhyth-
mogenic right ventricular dysplasia (8). He is a middle-aged
man who had a long history of recurrent ventricular tachy-
cardia with a left bundle branch block configuration. His
electrocardiogram during sinus rhythm showed incomplete
right bundle branch block with left axis deviation , T wave
inversion in precordial leads and postexcitation waves. Non-
invasive and invasive studies revealed massive enlargement
of the right ventricle associated with discrete left ventricular
apical abnormality . There was no evidence of ischemic,
valvular , pulmonary or significant pericardial disease .
Previous electrophysiologic reports on arrhythmo-
genic right ventricular dysplasia. Marcus et al. (8), re-
viewing the extensive experience of the French group of
Salpetriere, noted that ventricular tachycardia could be in-
itiated by programmed ventricular stimulation in 23 of 24
patient s with arrhythmogenic right ventricular dysplasia.
Durin g endocardial mapping of the right ventricle in sinus
rhythm, a delayed potential was reported in three of four
patients by Frank et al. (2) and in single cases by others
(7, II I However, a delayed endocardial potential was not
found in other cases of arrhythmogenic right ventricular
dysplasia (5 ,10). Endocardial mapping during ventricular
tachycardia was reported in only a few instances. Rossi et
al. (7) recorded one left ventricular posteroseptal and three
right ventricular sites and found the earliest ventricular ac-
tivation in the left ventricle a few milliseconds before the
onset of the QRS complex. Guiraudon et al. (10) described
two patients in whom endocardial and epicardial mapping
during tachycardia showed two sites of origin of morpho-
logicall y distinct tachycardia in the right ventricular free
wall . However, the recordings shown in their report were
from limited endocardial mapping procedures .
Electrophysiologic findings in present case. Two types
of ventricular tachycardia similar in configuration to those
that occurred spontaneously were induced by ventricular
stimulation in our patient. Extensive endocardial mapping
was performed during ventricular tachycardia with a left
bundle branch block configuration and inferior axis , which
was the most frequently observed spontaneously occurring
form. Earliest ventricular activat ion was noted in the right
ventricular outflow tract electrogram synchronously with the
QRS onset of the tachycardia in the surface leads. This
suggested that the ventricular tachycardia originated near
the infundibulum of the right ventricle. This area was the
site of myocardial disease process as evidenced by the re-
duced amplitude of the right ventricular outflow tract elec-
trogram and its delayed activation after the termination of
the QRS complex during sinus rhythm. In addition , delayed
activation of the right ventricular outflow tract electrogram
was synchronous with the postexcitation wave recorded on
the surface electrocardiogram, confirming that such a wave
actually represents delayed activation of abnormal ventric-
ular tissue.
The second type of ventricular tachycardia that was in-
duced had a left bundle branch block configuration and
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superior axis similar to the less frequently observed spon-
taneously occurring tachycardia. It was poorly tolerated and
could not be completely mapped. However, the endocardial
activation sequence during tachycardia showed that the ear-
liest ventricular activation occurred in the midinferior area
of the right ventricle synchronously with the QRS onset of
the tachycardia. This suggests that the ventricular tachy-
cardia originated near this zone. The prolonged duration of
the electrogram of this zone during sinus rhythm supports
the idea that this zone was also the site of a myocardial
disease process.
Implications. Both the infundibulum and the inferior
areas of the right ventricle, sites of origin of ventricular
tachycardia in our patient, have been shown to be the zones
of predilection of right ventricular involvement in patients
with right ventricular dysplasia (8). Although right ventric-
ular involvement is predominant in this cardiomyopathy,
associated left ventricular involvement has been reported
(3,6,8,14). In our patient, the aneurysmal deformity of the
left ventricular apex and the slight impairment of left ven-
tricular function could be secondary to such an involvement.
However, to the best of our knowledge, no case of ven-
tricular tachycardia originating in the left ventricle has been
undisputedly reported in patients with arrhythmogenic right
ventricular dysplasia. Although the earliest ventricular ac-
tivation was recorded in the left ventricular posteroseptal
area in one report (7), one cannot exclude the possibility
that recording of other right ventricular sites would have
shown an even earlier activation.
We thank Leonard Horowitz, MD and Charles Webb, MD for their helpful
comments and Ann Seibert for typing the manuscript.
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